hand, the retardation of high water on the meridian transit of the Moon at a given place, and on the other hand, correction tables for taking into account respectively the values of the Declination and those of the parallax both for the Moon and the Sun during the lunation. Figure 1 showns the Equator as seen from the North Pole.
If the Sun is assumed to be in a fixed position at meridian M, the figures from 1 to 29 in the diagram represent the equatorial positions of the Moon during a lunar month of 29 days. For a given position of the Mbon (say from I to 29 days) the tide will occur with a time or different situation L in relation to the meridian transit of that body (see Fig. 1 a) .
L is the « lunitidal interval » (HIWI), i.e. the time elapsing from the meridian transit of the Moon to the local time of H W .
T he angle 0 represents the difference in the Right Ascensions (or in other terms, in the hour angles) of the Moon and the Sun. In the course of a lunation, the quantity L varies from one day to another. Its average value occurs at spring-tide (conjunction or opposition) (H W F & C) (Establishment) and at neap-tide (H W Q ) High W ater Quadrature) showing only a slight variation at each.
W ith reference to Figure 1 , the following table gives the establishment correction in terms of the time of the meridian transit of the Moon.
It will be seen that from the syzygy to the quadrature, the tide « primes », i.e. that it occurs earlier than when it is only under the influence of the Moon; from the quadrature to the syzygy, it « lags », i.e. it occurs later than when it is only under the influence of the Moon.
The tide, therefore, « gains » on the Moon from spring-tide to neap-tide as during this period the lunitidal interval is less than its average value; conversely, the tide « loses » on the Moon from neap-tide to spring-tide, as during this period the lunitidal interval is greater than its average value.
It can also be said, as in the « Admiralty Manual of Navigation », Vol. 1, 1928, that: « W hen the Moon is in the first or third quarters, high water will be experienced before the Moon is on the meridian, in such cases the tide is said « to prime ».
(( ¡When the Moon is in the second or fourth quarters high water will be experienced after the Moon is on the meridian, and the tide is said « to lag ». If these data are shown by means of a curve, the following diagram will be arrived at and will show in terms of 0 the variation of the lunitidal interval L in the course of the lunation (see Fig. 2 ).
But « definitions » (A) and (B) can be compared against others whicEi can be found in the literature on tidal matters. For this reason, it is advisable, as Mr. Mann has so wisely observed, to come to some understanding on the subject under discussion before questioning the pupils or candidates.
T he classics should therefore first be consulted, beginning with the « Oxford Dictionary », which is quoted by Dr. Doodson. In it, will be found:
Priming: The acceleration of the tide taking place from the neap to the spring tides.
Lagging: Lag of the tid e : the interval by which the tide wave falls behind the mean time in the first and third quarters of the Moon. (This perhaps refers to L, but... it is rather imperfectly expressed. 'What happens during the 2nd and 4th quarters ? W hat « mean time » is this ?
In the very recent « (Maritime Dictionary » by Mr. de Kerchove, a better definition will be found:
Priming: A shortening of the interval between the times of successive H W .
Lagging:
The retardation in time of the occurrence of high and low water.
In the course of a lunation of 29.53 d ay s:
The average tidal day lasts 24 h. 50 m. 2 is the resulting tide Figure 4 gives the position of the bodies on a syzygy tidal day, i.e. about two days after the astronomic syzygy due to the age of the tide, when 6 = 0 and 0 = L -S. Ia «*$tawo»iij«&• Figure 5 shows the position of the bodies on any day of the lunation when 0= t <0 -t,C and' 6' = 6 + L -S.
The tide « gains » in relation to the passage of the Moon when the angle 6' varies from 0° to 90°, i.e. between the syzygy and the quadrature tides.
Conversely, it « loses » (lags) when 0' varies from 90° to 180°, i.e.
between the quadrature and the syzygy tides.
Moreover, it is known that spring-tides occur after the syzygy (new or full Moon) at intervals equal to the age of the tide and that neap-tides occur after the astronomic quadrature of the Moon (1st and 3rd quarters) at intervals equal to the age of the tide.
It follows therefore that the tide « advances » (primes) from spring-tide to neap-tide and that it « loses » (lags) from neap tide to spring tide.
Let us now pass to the analytical study of the question. The simple case of a single luni-solar semi-diurnal tide such as that of Brest will be considered and reference will be made to the developments to be found on this subject in classic works, such as « Etude et A s it is well known, it is usual to relate the time of High W ater to that of the meridian transit of the Moon. T he tiime of luni-solar High W ater in a given port is equal to the time of the transit of the Moon in the meridian of that port 0 plus a constant period of time for that port (i.e. corrected establishment), plus a variable correction for taking into account the phase inequality. T he ratio of the average actions varies from 2 (at Gibraltar) to 7.<8 (al Wilhemshafen).
This leads to the values of the average establishment correction which were given above empirically in connection with Figure 1 . T he table given below, which is taken from the « Traité d 'Hydrographie » of Germanin, Paris 1882, and was also reproduced in Commandant Houette's « Guide du Marin », is more exact in so far as it takes also into account, in terms of the parallax of the Moon, the variations in the average distance of the Moon from the Earth, but it does not take into account the variations in the declinations and of the solar parallax.
Establishment Corrections (Minutes)
Time of Moon's Meridian Transit. On any day of the lunation, the true (or mean) time of High Water is equal to the true (or mean) time of the meridian transit of the Mbon + E (establish m e n t Correction by means of the above table. of the Moon at 0 hour, the phase inequality to be applied to the mean establishment (M H W I) will be the correction related to a meridian transit of the 'Moon occuring at 0 -(0 .8 x 2 1 / 2 ) = 10 h. whicih can be found from the diagram by tracing accordingly a horizontal line passing through the point at which the curve intersects the ordinate of 10 hours and by reading the correction on the left-hand scale (see figure 9 ).
The following table allows the age of the tide to be taken into account.
A g e o f Tide
Origin on diagram should be taken at point corresponding to ordinate, W hen shown in graphical form, this correction supplies a curve which according to the variable value of the parallax in the course of a lunation, is contained in the shaded section of the diagram: on Figure 10 . This diagram, of which the minimum and maximum fall roughly on the ordinates of the hour angles of the Moon at 5 h., 10 h., 17 h., and 22 h. (i.e. on, the 6th, 12th, 20.5th and 26.5th days of the Moon), allows for the determination of the days of the lunation on which time tide starts and ceases to « prime » and starts and ceases to « lag » on the Moon.
T he following definition is arrived at:
D efinition
« In regions where the semi-diurnal flow of the tide predominates, the tide < ( advances » (primes) in the course of a lunation, from the day of the syzygy tide to the day of the quadrature tide. » « The tides « loses » (lags) from the day of the quadrature tide to the day of the syzygy tide ».
This exposé however is, as has already been (mentioned, based on the somewhat exceptional character of the predominantly semi-diurnal tide found at Brest and in other European ports of the Atlantic. A s outlined above it cannot be generally applied to tides troughout the world and it is fully concurred with Dr. Doodson's comment that it is wiser not to try to define too rigorously what is meant by the terms « priming » and « lagging ». These terms have long since become obsolete in scientific treatises on the system of the tides, as now-a-days the navigator who learns to obtain the tiime of High Water with reference to the time of the meridian transit of the Moon and to the establishment of the port would seem to receive instruction in the methods as used formerly by his ancestors of the Eighteenth Century
